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COMPARISON OF ENERGY SPREADS INDUCED BY A
LONGITUDINAL WAKEFIELD IN A CAVITY"

H. Takeda, K. C. D. Chau, and L. E. Thode
MS-H829, Los Alainos National Laboratory, Los Alamos, N\ 87545

Abstract

The energy spread of a beam bLunch induced in o lincar
accelerator can be reduced to a minimum if the amplitude and
the phase of the I'F voltage are ontimized. The energy spread
is induced by the longitudinal wakefield and by the sinusondal
profile of the accelerating voltage acting on the beam. The
cavity shape, the bunch profile. and the charge in the bunch
determine the wake function. Aiming to have an approximately
constant net voltage acting across the bewn Lbunch, we optimize
the amplitude and the phase »f the RF voltage. The minimum
energy spread, the required RF voltage. and the required RF
phase are coleulated as a function of the net charge and the
length of the bunch. To find out the effect of cavity shape uu
the minimum energy spread, the optinzation wis petfornaed
for several types of cavities.

Introduction

When a beain bunch pusses aceelerntor cavities, 1t
experiences nonuniform aceeleration over the bunch: the cnerwy
Liined at the head differs from the energy gained at the il
f the bunch. ldeally, the beam mamtuins the energy spread of
the net energy guined at each part of the beam is coustant.
However, an additional energy spread is induced by the
sumsoudal RF voltage acting on the beam bunch The energy
~pread s also nduced becnuse the ongitudimal - waketiel:l
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vonto e withont inerewsiug the voetgy ~spread. we optinuze the
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cavity. The profiles of the cavities are shown in Figs.  1a
through 1d in the abouve order. In the following caleulation,
we fit the RF such that each cavity nccelerates 1.0 MeV on

average over the bunch.
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The optimized RF voltage must compeunsate for rwo
effects: one is for reducea voltage acting on the particle
caused by the optimized RF phase displaced from maximum
accelerating phase. This is to cancel the leading slope of
the wake function. The other is for nullifving the reduesd
net voltage caused by the energy loss due to the longitudinal
wakefield. Because the wakefleld is proportional to the charge
of the b=am bunch, the needed RF voltage boost must wncrease
as the charge increases.

The voltage boost 81° determined by the optinmzation s
calculated as a function of the net charge in the heam bunch.
The vcltage boosts are shown in Fig. Ja for each type of cavity,
Solid curves represent bunch full length (= 20) at 15-ps. With
a 15-ps bunch full length (= 2¢) and 4 30-0C charge. the ERX
cavity required a 300 kV voltage boost. The depth of the wake
But the
voltage boost decreases rapidly as the bunch length mereases
The optimized phase offset, 37°, itself requires a 260-kV booar
Figure 3b shows the optimized phase offsets for the ditferent

function i1s about 37 kV at the center of the bunch
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center of the bunch. The ERNX elliptictype caviry cegiaes
190 kEV of voltage boost for the same by wch. The phiose ottt
5 29.4°, which accounts for the 150 KV, The remanang 40 KV
comes from the depth of the wake function. The eliypaie tope
Cavity requires ()lll_\' a 105 KV voltage boost The plise ot
i 20°, and the wake function i~ 70 kV

The elliptic-type cavity wis designed to s
witkefield effects by increasing the size of the heam pape
domg so, the shunt inpedance of the caviry wis reduaced
by a factor of 2. Results <how that el of thias loss b
nower ethelency i the ellipne type caviry compined ro orbe
cavity types is recovered when an optuized enerey spread
15 considered. The large voltage boost requured for the taeh
shunt-impedance cavities 15 not requured e the case of the

elliptic-type cavity
The Optimized rins Energy Spread

We calculate ms energy spreads induced ar ench cinan
at the optitized voltage and phase  The rins energy spreads
are caleulated moa range 120 of the charge distnbntion
Figure 4 hows the rms energy spreads for viaous elange i
bunch lengths for the ERX eavity. The full rms energy s i h
[hie fittme s

As aoresult, the caenaated

stualler than the depth of the wake function
the 15 ps bunch s near perfect
energy spread for the 15 ps bunchi s hetrer than the 20000
or the 25-ps bunch The energy spread s spproxmnately e
vith the charge of the bunch except for the lopg banch warto e
low charge atete The shape of the wake fun ton for the o
bunech with low charge differs agmtieantly  the caneel’anon o
the REF voltage and the wake function are poor and inereised!
the energy spreads. For the MOTD tepe cavity, the enene
spread s approximately hnear with the chaage B 00 The
elliptic type eavity shows the same fenture wa the RN GG
the cuervy spread mereases at low chinrge and long bonche Ay
other conditionn, the rms energy spread s approxiately Dneat
with the iu\“(v' (FIK (;) 'I‘h-' CHeIRY ~"|c'ml w hinear watl e
hiee for the ERX elliptic tvpe cavity o Fig 0
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